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Transient Adenosine Infusion and Washout
Before Ischemia Protects the Heart Against
Metabolic Damage During Ischemia and
Reperfusion, but Does not Attenuate Stunning in
Pigs - Comparison with Ischemic
Preconditioning
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Prevention of Reoxygenation Injury in Hypoxemic
Immature Hearts by Treatment with Antioxidants
Kai Ihnken, Kiyozo Morita, Gerald D. Buckberg, Georg Matheis, F. Beyersdorf,
M.P Sherman. UCLA Medical School, Los Angeles, CA; J. W Goethe-University,
FrankfurtlMain, Germany
1932-891
60..------------------,
~50
Introduction; Abrupt reoxygenation of cyanotic immature hearts when start-
ing cardiopulmonary bypass (CPB) produces an "unintended reoxygenation
injury" that is avoidable by treatment with antioxidants. Methods; Nineteen
immature piglets (2-3 weeks) underwent 30 minutes of blood cardioplegic
arrest. Five piglets remained normoxemic (Control). Fourteen piglets were
made hypoxic (paz 20--30 mmHg) for to 2 hours before undergoing reoxy-
genation on CPB. In 8, the pump prime was not supplemented with antioxi-
dants (noRx), whereas MPG (80 mg/kg) and catalase (150 Ulkg) were added
to the pump prime in the 6 others IRx). Myocardial function (Ees, conduc-
tance catheter). oxidant damage (myocardial conjugated dienes (CD) produc-
tion) and antioxidant reserve capacity (AORC, determined by incubating my-
ocardium in the oxidant. t-butyl hydroperoxide, with subsequent measure-
ment of MDA production) were evaluated. Results; Blood cardioplegic arrest
caused no functional and biochemical change in normoxic control immature
piglets. In contrast, hypoxia with subsequent reoxygenation on CPB resulted
in marked conjugated diene production (42 ± 4' vs. 3 ± 1 AZ33 nm/min/100
g), reduced antioxidant reserve capacity (MDA at 4.0 mM of t-BHP: 1342 ±
59' vs. 958 ± 50 nM/g protein), and caused profound myocardial dysfunc-
tion; Ees recovered only 21 ± 2%'. Conversely, adding MPG and catalase to
the pump prime reduced lipid peroxidation (CD production was only 22 ± 7
Az33 nm/min/1 00 g"). restored antioxidant reserve capacity (MDA at 4.0 mM
of t-BHP: 975 ± 139 nM/g protein") and allowed functional recovery (80 ±
8%"1. Conclusion; Reoxygenation of the hypoxemic immature heart by initi-
ating CPB causes oxidant damage and functional depression that nullifies the
cardioprotective effects of blood cardioplegia. Antioxidant supplementation
of the CPB prime limits these detrimental effects, and may be useful in surgi-
cal treatment of cyanotic heart disease. *: p < 0.05 vs. Control, **: p < 0.05
vs. no Rx (ANOVA)
Ryojl Yokota, Hisayoshi FUJiwara, Masami Miyamae, Masaru Tanaka,
Kenzo Yamasaki, Shuji Itoh 1, Keiko Koga 1, Yoichi Yabuuchi 1,
Shigetake Sasayama. Kyoto University, Kyoto, Japan; 1Otsuka Pharmaceutical Co..
lid.. Tokushima, Japan
Recent studies indicate that ischemic preconditioning (IP) may be mediated
by adenosine (ADO) receptor stimulation. This study compared the effects of
adenosine pretreatment on myocardial metabolism and function with those
of 1P. Control hearts (C) underwent 15 min LAD occlusion (occl) followed by
120 min reperfusion (R). ADO (200 /!g/kg/min) was infused into left atrium for
15 min starting at 20 min before LAD occl. IP was elicited by two cycles of
5 min occl & 5 min R. Tissue levels of ATP. creatine phosphate (CP) and pH
in the area at risk were measured by 31 P-MRS, and %segment shortening
(%SS) by sonomicrometry. [Results] ADO infusion decreased blood pressure
(-26%) and heart rate (-13%). and increased three times regional myocar-
dial blood flow (RMBF). However, within 5 min after stopping ADO infusion,
hemodynamic parameters returned to baseline. During sustained ischemia
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Non-Mechanical Energy Expenditure is Preserved
During the Transition from Compensatory
Hypertrophy to Failure of the Left Ventricle in
Dahl Salt-Sensitive Rats
lsao Morii, Yasuki Kihara, Moriaki Inoko, Masashi Kambayashi,
Shigetake Sasayama. Third Division, Department of Internal Medicine, Kyoto University
Faculty of Medicine, Kyoto, Japan
CaZ+ Ees Vo A B
mM mmHg.g.ml-1 mlxl0-Z mlOi .mmHg-l mlOz .beat-1.g-l
·ml- x lO-Z
LVH 1 135Z ± lZ5 1.97 ± 1.Z3 3.Z7 ± 1.45 1.80±0.14
In ~ 5) Z 1853 ± 110' 1.59 ± 0.98 Z.10 ± 0.87 Z.Z7 ± O.ZO'
CHF 1 458 ± 98t 7.33 ± Z.oot 4.05 ± 115 1.18 ± 0.06t
(n ~ 4) Z 649 ± 148,t 5.60 ± 1.56t 3.47 ± 0.86 1.SZ ± O.lS,t
Tumor Necrosis Faetor-a Impairs p-Adrenergic
Responsiveness in Conscious Dogs
David R. Murray, Gregory L. Freeman. UTHSC and AIMVAH, San Antonio, Texas
Dahl salt-sensitive rats fed with a high-salt diet (8% NaCI) progressively de-
velop concentric LV hypertrophy (LVH, 11 weeks), which is followed by LV
dilatation with pulmonary congestion (CHF, 18 weeks). To clarify modulation
in cardiac energetics during the transition from LVH to CHF, we measured
LV pressure-volume area (PVA) and myocardial oxygen consumption (MVOz)
in isolated, isovolumically contracting hearts from this animal model. Hearts
were coronary-perfused with Tyrode's solution at 37°C and were paced at
3.33 Hz (perfusate CaZ+: 1 mM or 2 mM). The perfusion pressure was kept
constant at 140 rnmHg throughout the experiment. paz in the perfusate
and in the coronary effluent were continuously monitored with oxygen elec-
trodes. The end-systolic pressure-volume relation (ESPVR) determined dur-
ing the stepwise changes of the LV volume were fit by a binomial regression
analysis, which provided a slope (Ees) and a volume intercept (Vo). Linear
regression analysis of the MVOz-PVA relation determined a slope (A) and a
MVOz intercept IB).
mean ± SEM. 'p < O.OS vs. CaZ+ 1 mM, paired t-test, and tp < 0.05 vs. LVH. unpaired
t-test
collagen area (41 ± 37-vs-18 ± 10 /!mZ, p < 0.05). The amount of perivascu-
lar collagen correlated directly with medial thickness (r = 0.88, P < 0.01) and
volume of medial collagen (r = 0.57, p < 0.05). Thus, IMCAs in HCM are en-
cased in perivascular collagen and also show greatly thickened media due
in part to increased collagen. This substantial perivascular and medial colla-
gen potentially impairs vasoreactivity, in turn resulting in diminished coronary
blood flow and cell death. The findings provide a morphologic explanation for
myocardial ischemia, mediated by "small vessel disease", in pts with HCM.
During the transition from LVH to CHF, Ees was decreased and Vo was in-
creased. These changes in inotropic state and in ventricular shape were as-
sociated with a decrease in the MVOz intercept, while the slope of MV0z-
PYA relation was not altered. In conclusion, we confirm that the myocardial
contractility and the ventricular remodeling occur during the transition from
LVH to CHF in this animal model. Despite these changes, the oxygen cost
of contractility does not change and the total energy cost of the remodeling
myocardium might be preserved by reducing the expenditure for the non-
mechanical process which includes the E-C coupling.
Tumor necrosis factor-a (TN Fa) plays a role in the pathophysiology of my-
ocardial depression observed in septic shock and myocarditis. Limited re-
sponsiveness to inotropic therapy in these pathological states may be related
to cytokine mediated disruption of adrenergic signal transduction. In cul-
tured myocytes, TNFa reversibly inhibits isoproterenol mediated increases in
both contractility and intracellular cAMP accumulation via interference with
fi-adrenergic receptor coupling to adenylate cyclase. Whether TNFa alters
myocardial responsiveness to exogenous jl-adrenergic stimulation in the in-
tact animal has yet to be determined. Accordingly, we evaluated the effects of
dobutamine (Dob) in 9 conscious dogs, chronically instrumented with 3 sets
of diameter gauges and LV manometers, treated with a 1 hour infusion of
TNFa (40 /!g/kg). Mw, the slope of the relation between stroke-work and end-
diastolic volume, was determined before and after brief infusions of Dob (4
/!g/kg/min) at multiple times after TNFa. TNFa produced a reduction in base-
line contractile performance beginning 4 hours and extending to 25 hours
after initiation of infusion. The percentage increase of Mw induced by Dob
dropped from 34 ± 7% pre-TN Fa to a nadir of 15 ± 5% 3 hours post-TNFa, an
effect which persisted but then dissipated. Similar results were found when
end-systolic elastance and dP/dtmax were evaluated. We conclude thatTNFa
impairs myocardial responsiveness to fi-adrenergic stimulation in the intact
animal, an effect separate from its primary myocardial depressant properties.
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and reperfusion, there were no differences in hemodynamic parameters or
RMBF among three groups.
15 min oec! 120 min R 120 min R
Groups ATP CP pH ATP CP %SS
C(n = 10) 64±7% 7±6% 6.3 ± 0.2 71 ±7% 105 ± 12% 39 ± 16%
ADO In = 10) 76 ± 6%" 9±6%# 6.5 ± 0.1" 90 ± 8%" 101 ± 6%# 29 ± 6%
IP(n = 10) 74± 9%* 18 ± 6%* 6.6 ± 0.1' 91 ±90/0'" 126 ± 7%· 32 ± 16%
fied by measurement of augmentation index as having either a normal early
systolic peak (Type C) or abnormal late systolic peak (Type A-indicating early
wave reflection). Compared to N, the treated hypertensives had significantly
higher LVMI (98 ± 22 vs 82 ± 22 g/m2 , p < 0.05) and carotid IMT (0.74 ±
0.17 vs 0.61 ± 0.15, P < 0.05). There were no significant differences in LVwall
thickness, relative wall thickness or LV mass index between subjects with
Type A and Type C arterial waveforms. In contrast, carotid IMT was signifi-
cantly increased in patients with Type A arterial waveforms.
ATp, CP and %SS values; % of baseline,"p < 0.05 vs C, #p < 0.05 vs IP LVRWT LVMI CIMT(mm) CRWT MAP (mmHg)
[Conclusion] ADO pretreatment and IP had similar effects on ATP and pH,
but not on CPO In spite of the protective effects on myocardial metabolism
during ischemia and reperfusion, neither of the interventions improved %SS
after ischemia.
105± 14*
96± 14
Left Ventricular Hypertrophy in Hypertensives is
Associated with an Increased QT Dispersion
TypeA (47) 0.38±0.09 85±25 0.69±0.17* 0.22±0.04*
Type C (22) 0.38 ± 0.10 87 ± 18 0.59 ± 0.09 0.19 ± 0.03
*p < 0.01 vs. Type C
The Regression of Left Ventricular Myofibrillary
Proteins by ACE-inhibition (Lisinopril) is
Associated with an Increase in Protein Synthetic
Rates in Vivo
VB. Patel 1, T. Siddiq 2, PJ. Richardson 2, VR. Preedy 1. 1Department of Clinical
Biochemistry. King's College School of Medicine & Dentistry; London, SE59PJ, UK;
2 Department of Cardiology, King's College School of Medicine & Dentistry; London, SE5
9PJ, UK
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One of the most serious complications of systemic hypertension is myocar-
dial tissue damage, including left ventricular hypertrophy, as a consequence
of increased protein synthesis. However, the modulating role of translational
events in the hypertrophy-regression transition is poorly understood, espe-
cially where therapeutic regimes have been employed. These events were
investigated in vivo in a genetic model of hypertension, namely in the spon-
taneously hypertensive rat (SHR); comparative responses were investigated
in normotensive Wistar Kyoto rats (WKY). Rats were used at 4 months of age
and treated with either the ACE-inhibitor lisinopril (5 mglkg/day) in tap wa-
ter or plain tap water (controls). The groups were assigned as follows: WKY-
CON, normotensive controls; WKY-L1S, normotensives plus lisinopril; SHR-
CON, hypertensive controls; SHR-L1S, hypertensives plus lisinopril. Fractional
rates of protein synthesis (ks defined as the percentage of the myofibrillary
protein pool renewed each day; %/day) were measured in vivo with the flood-
ing dose technique using L-[4-3H]phenylalanine. Left ventricular myofibrillary
proteins were extracted by differential solubility and high-speed centrifuga-
tion techniques; purity was assessed with SDS-PAGE. After 8 weeks treat-
ment the myofibrillary protein contents (mg per region) in normotensive rats
were as follows (all data as mean ± SEMS, n = 6-9): WKY-CON, 45 ± 1 mg;
WKY-L1S, 36 ± 1 (p < 0.001). In the hypertensive group regression of con-
tractile protein content occurred; i.e., SHR-CON, 52 ± 3 mg; SHR-L1S, 38 ±
1 mg (p < 0.001). Corresponding ks values were: WKY-CON, 8.3 ± 0.2 %/d;
WKY-L1S, 8.2 ± 0.3 %/d (NS). In the SHR-group ks values were: SHR-CON, 8.2
± 0.3 %/d; SHR-L1S, 9.2 ± 0.3 mg (p < 0.0251. Conclusion; ACE-induced re-
gression of contractile protein composition in hypertension is associated with
an increase in rates of translation.
In multivariate analysis, only age (p < 0.05). systolic blood pressure (p <
0.001) and augmentation index (p < 0.05) were independently associated
with CIMT. We conclude that the Type A arterial waveform indicating abnor-
mal early wave reflection coincides with increased mean arterial pressures
and with intima-medial thickening in large conduit arteries. These changes
precede left ventricular remodeling and left ventricular hypertrophy in mild,
essential hypertension.
Jamil Mayet. Manjit Shahi, Katherine McGrath, Neil R. Poulter, Peter S. Sever,
Simon A. McG. Thom, Rodney A. Foale. St. Mary's Hospital Medical School, London,
UK
Hypertensive patients who develop left ventricular hypertrophy (LVH) are at
much greater cardiovascular risk than those without and in particular their
incidence of sudden death is several times higher. This may be mediated by
an increase in ventricular arrhythmias. It has recently been suggested that aT
dispersion may indicate arrhythmia risk by reflecting dispersion of recovery
of ventricular excitability.
In order to test the hypothesis that left ventricular hypertrophy may be as-
sociated with an increase in aT dispersion 100 previously untreated subjects
were studied. These consisted of 52 subjects with essential hypertension (BP
> 160/90). 21 subjects with borderline hypertension (BP > 140/85) and 27 nor-
motensives. Each underwent 2 dimensional and Doppler echocardiography
to determine left ventricular mass index (LVMI), E/A ratio and isovolumic re-
laxation time (IVRT). Additionally from a 12-lead ECG examination aT length
was measured for each lead and corrected for heart rate (OTc). OTc disper-
sion was determined as the difference between the maximum and minimum
OTc interval.
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Ventricular Interdependence in Explanted Human
Hearts
James P, Slater, Evan C. Lipsitz, Johnathan M. Chen, Daniel J. Goldstein, Robert
C. Ashton, Jr, David A. D'Alessandro, Mehmet C. Oz, Howard R. Levin,
Daniel Burkhoff. College ofPhysicians and Surgeons, Columbia University. New York,
NY
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Carotid Thickening Precedes Ventricular
Remodeling In Early Essential Hypertension and
is Significantly Related to Early Wave Reflection
Anthony C. Pearson, James W. Peterson, Philip F. Binkley, Robert J. Cody,
Robert Guthrie. The Ohio State University. Columbus, OH
In the DCM hearts mean (±SD) LV-RVI gain was 0.26 ± 0.06 and RV-LVI
was 0.16 ± 0.12.ln the control heart LV-RVI = 0.08 and RV-LVI = 0.15. LV-RVI
is markedly increased in heart failure when compared to the control. This is
consistent with previous reports using animal models. Conversely, RV-LVI re-
mains unaffected by heart failure. These data, not previously available from
humans, suggest that LV contribution to RV performance is significantly en-
hanced in chronic heart failure.
Left ventricular (LV) contraction contributes importantly to right ventricular
(RV) performance via left to right ventricular interaction (LV-RVI). To determine
the magnitude of LV-RVI in human heart failure, 5 explanted hearts with di-
lated cardiomyopathy (DCM) were obtained at the time of transplant and re-
stored to a beating condition using a blood perfusion system. One normal
human heart, unsuitable for transplantation, was also obtained and served as
control. Balloons were placed in both RV and LV With RV volume fixed at an
end diastolic pressure (EDP) of 20 mmHg, LV volume was ramped from low
(LV EDP = 0) to high (LV EDP = 30) and resulting changes in RV systolic pres-
sures were plotted vs. changes in LV pressure. The slope of this line defines
the LV-RVI pressure gain. An analogous procedure was used to determine
RV-LVI. The figures depict representative data.
Ventricular and vascular remodeling occur early in essential hypertension, de-
velop in parallel and may be influenced by early arterial wave reflection. To
further study these relationship we examined 20 newly diagnosed, untreated
mild hypertensives, 18 previously treated hypertensives and to 35 age and
sex-matched normotensive normal volunteers (N), with both high frequency
B-mode imaging of the carotid artery to determine carotid intima-medial
thickness (IMT), diameter (CD) and relative thickness (CRWT = 2* IMT/CD)
and 2-D guided M-mode echocardiography for determination of LV posterior
wall thickness (PWT), end-diastolic diameter (LVEDD), LV relative wall thick-
ness (LVRWT = 2* PWT/LVEDD) and LV mass index (LVMI) Using high-fidelity
arterial tonometry the right carotid artery waveform was recorded and classi-
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